Objectives: To describe the current and promising new applications of Optical Coherence Tomography (OCT) as a helpful tool when imaging the different sites in the head and neck. We used the OCT Niris system, which is the first commercially available OCT device for applications outside the field of ophthalmology.
INTRODUCTION
Optical Coherence Tomography (OCT) is a noninvasive imaging technique that uses lowcoherence with a Michelson interferometry to produce high-resolution images of living tissue microstructures (1) . It uses near infrared light to discern intrinsic differences in tissue structures and uses coherence gating to localize the origin of the reflected optical signal from different tissue depths. Depending on the source wavelength, the imaging depth ranges from 1-2 mm in turbid media such as biological tissue (2) . This penetration depth is coupled with a resolution of approximately 10-20μm, thus enabling differentiation of tissue microanatomy.
OCT has been widely used in different medical specialties, especially in ophthalmology where it has been used mainly to image corneal and retinal pathology (3, 4) . It has also been used in dermatology (5), cardiology (6), gastroenterology (7), urology (8) and neurology (9) . OCT has also been broadly used in the field of otolaryngology where laryngeal imaging has become the main focus of interest (10, 11) , although OCT has a great potential in other areas of otolaryngology as well.
The objective of this study was to present the promising new application of OCT for imaging the various areas of the head and neck, using a commercially available device and a custom designed system built in our research facility at the University of California, Irvine.
METHODS
OCT imaging of the larynx, ear, and neck was performed using a FDA-approved commercially available OCT device (Niris, Imalux, Cleveland, OH). OCT imaging was performed in two different settings; in the operating room and in the outpatient clinic. All patients in the operating room were under general anesthesia and undergoing different otological and head and neck surgical procedures. In both cases, each patient was consented prior to the imaging, and the study was done in accordance and under the guidelines of Institutional Review Board at the University of California, Irvine.
The imaging was performed using a 2.7mm diameter fiberoptic flexible probe, which was placed near or in slight contact with the tissues. The imaging system has a central wavelength of 1300 nm with tissue penetration depth of approximately 1.6mm, a lateral scanning range of 2mm, a depth resolution of approximately 15μm, acquiring images at a rate of 1.5 frames per second obtaining a 200x200 pixel frame picture.
When imaging the larynx, we used a specially designed "double barrel" sheath ( Figure  1 ), which enable us to guide the OCT probe onto the larynx under visualization of fiberoptic endoscope. Prior to sliding it through the patient's nose, the sheath was lubricated with surgical lubricant. This allowed us to simultaneously obtain OCT images as well as fiberoptic visualization of the patient's larynx.
Imaging the ear was performed in the operating room with the patient under general anesthesia, in cases of chronic otitis media with cholesteatoma. Prior to imaging the patient, the probe was sterilized and after the cholesteatoma was exposed and removed, OCT images were obtained by placing the probe in slight contact with the cholesteatoma and the surrounding middle ear mucosa for imaging and comparison of these different areas.
Imaging of the neck structures was done in the operating room with patients undergoing different head and neck surgical procedures under general anesthesia. In these cases the probe was sterilized and after the desired neck structures were exposed, the probe was placed in contact with these structures and OCT images were obtained. In the nasal cavity and nasopharynx, we used an other OCT system built by our group at the Beckman Laser Institute of University of California, Irvine. This imaging system is a TD-OCT with a scan rate of 250Hz, an axial and lateral resolution of 30µm, an imaging range of 18.5mm and with a probe rotation speed of 0.5 rounds/second. This system was used to gather preliminary data on anatomical OCT (12) of the upper aerodigestive tract.
RESULTS
In the OCT images obtained from the patients undergoing otological surgery, we found that cholesteatoma has distinctive findings that differentiates it from inflamed middle ear mucosa. The middle ear mucosa lack keratin, when compared to the cholesteatoma, which appears as a more hyperintense image in OCT as shown in figure 2 . The normal middle ear mucosa, in comparison, lacks hyperintensity (Fig 3) . The intraoperative OCT images obtained from the neck structures clearly demonstrate microstructural characteristics as compared to standard histology. Different structures were imaged including the thyroid (Fig 4. ), lymph nodes, parathyroids, fat (Fig 5) , parotid and skeletal muscle (Fig 6) . When imaging the thyroid, normal, benign and malignant conditions were clearly identified (Fig 4) . We also acquired preliminary anatomical-OCT data using our own OCT system. This was done in healthy volunteers where images of the nasal cavity (Fig. 7) and nasopharynx ( Fig. 8) were obtained. 
